Indigo is the world's most produced synthetic dye because of its use in the denim industry. The wastewaters from the dyeing industry are loaded with pollutant which is the reason there has been an interest in the revival of the indigenous system of dyeing through plant derived indigo. India was the major producer of Indigo in the middle ages with producing 80% of the world's indigo. It is crucial to understand biosynthetic pathway of indigo production so that the quality and purity of the dye can be enhanced and be at par with the synthetic indigo. In this article we review the present status of the major indigo producing plants with respect to dye yield and purity.
INTRODUCTION
India has been considered as pioneer in the art of natural dyeing. It is one the world's twelve mega diversity countries and harbors more than 450 dye yielding plants (Siva 2007) . Indigo is one of the most important dye compounds that has been known for dyeing clothes from past 2000 years. It was therefore also referred to as the King of dyes (Xia 1992 , Teanglum 2012 ). India was one of the major producers of plant derived indigo in the middle ages but later during 18th century after the synthesis of synthetic indigo, the market for plant derived indigo started declining and was eventually lost into oblivion (Gulrajani 2001 , Kumar 2004 ). It was due the competition from synthetic indigo which was over 90% pure and much cheaper than the indigo produced in India mainly from Indigofera tinctoria which had poor yield (0.2%-0.5%) and purity (20% to 90%) (Bechtold 2009 ). The global market for dyestuffs is about 800 kt (Stoker 1998 ) of which indigo is the majorly produced dyestuff with approx 200,000 t due to its use in the denim industry for imparting the distinctive blue color (Buscio 2014) . Herbal dyes constitute a market of about 1 billion US$, growing at the rate of 12% per anum due to the harmful effects of synthetic dyes (Gokhale et al. 2004 ).
Indigo is not present in the plants as a native compound but its precursors are present as secondary metabolite (Stoker 1998a ).The indigo precursor indican (indoxyl β-Dglucoside) may provide a defence mechanism against several pathogens as secondary metabolites have protective actions (Daykin 2011). Indican is found in higher quantity in the green leaves of the plant and is absent in other tissues. It is localized in the vacuoles of the leaf cells and increases with the growth of the leaves and development of chloroplasts (Minami 2000) . The indigenous knowledge of indigo dyeing is still being practiced in some small communities but due to its disappearance from the global market, there is a lack of knowledge regarding the understanding of the biosynthetic pathway of this secondary metabolite (Xia 1992 ).
However, now there are several growing environmental concerns over the use of synthetic dye because the reducing agent used in the dyeing industry, sodium dithionite is harmful to the environment (Padden 1999) . Germany, the biggest supplier and discoverer of synthetic dyes was the first counrty to ban the use of certain azo dyes in 1996 given their allergic and carcinogenic effects of human health (Kar and Borthakur 2008) . Therefore several efforts are being made to revive and regenerate the indigo producing plants across the globe in order to improve the dye yield and purity and reintroduce it as an alternative to the synthetic indigo. In this article we review the present status of the major indigo producing plants with respect to dye yield and purity.
Indigo Synthesis in major plant sources: The blue indigo dye has been obtained from various plants originating from different parts of the world mainly Indigofera spp. (Asia, Africa, America), Periscaria (Polygonum) tinctorium (Japan, Europe, China, Korea) and Isatis tinctoria of Europe (Maier 1990 , Maugard et al. 2001 ).
1.Indigofera tinctoria:
There are about 250-300 species of Indigofera across the world but not all species yield dye. Indigofera tinctoria produces the superior quality dye than any other plant and is therefore also referred to as true indigo (Teanglum 2012) . The British established trade with india due to I. tinctoria. The indigo precursor in I.tinctoria is indican which is found mainly in the leaves with content ranging from 0.2% to 0.76% (Feeser 2012) . When the plant leaves are damaged, an enzyme β-glucosidase hydrolyses indican to form indoxyl which dimerises to form insoluble indigo. In the presence of oxygen, indoxyl forms isatin as a side product. The condensation of indoxyl with isatin produces indirubin, a red pigment which is similar to indigo blue in structure (Laitonjam 2011) . The indigo formed is insoluble in water so it has to be base-oxidized in order to make it soluble. This soluble form of indigo is called leuco indigo which is a colorless substance and can again be turned into indigo blue after oxidation by air (Chanayath et al. 2002) Indigofera sp. is a leguminous plant therefore its roots can deposit nitrogen in the soil. After the dye was extracted from Indigofera, the remaining plant material was used as manure in the paddy fields. Indigofera was a rotational crop which enriched and prepares the soil for the paddy crop. So if indigo is cultivated then after extracting the dye even the plant residue could be used as a fertilizer that can fulfill 50% requirement of nitrogen leaving no wastage and saving land and money by reducing the use of fertilizers (Balaram 2011). Christopher Rawson proposed an ammonia gas process but his new methods and processes did not pass beyond the experimental stage. Key advance was made at Dalsingserai in terms of success with a new, higher-yielding, foreign variety of indigo procured from abroad -Java indigo. It was capable of consistently giving a 50% higher yield than the native variety (Ingidofera tinctoria). Java indigo in Bihar suffered from a major incidence of wilt in 1909 leading to a large-scale crop failure (Kumar 2012) . Synthetic blue dye has now acquired a major portion of the world market due to the denim industry as about 10 9 blue jeans are produced annually which makes indigo the largest producing synthetic dye (Buscio 2014 ) therefore a lot of research is going on across the globe for the revival of natural indigo. Several factors that can possibly affect the dye yield such as climatic and environmental factors, different subspecies, modified extraction processes etc. are being studied. Dye yield and purity is variable among different species but has been improved than before.
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Modified extraction process:
In the earlier attempts made to improve the indigo yield the values ranged from near 0.05 mg/g (Kokubun et. al. 1998) 
Isatis candolleana
Hot water application at pH 11 2.53mg/g They also reported that when the water temperature is increased during soaking, the dye yield also increases. In 2012, Orsini et al. evaluated the effect of mineral and nitrogen fertilization on indigo dye yield and biomass production of Isatis tinctoria. They reported that nitrogen fertilization has no effect on the dye concentration but it does increases the biomass production. There was no significant difference between minor indigo precursor indican (0.3-0.7 g/kg). But Indigofera tinctoria is a preferred crop due to its higher re growth capacity and biomass production.
Apart from the climatic conditions, certain impurities also tend to reduce the indigo yield and purity. Garcia-Macias and John in 2004 proposed that highly pure natural indigo can be produced from Isatis tinctoria that can meet the standards of synthetic dye, by eliminating the impurities. The study focused on reducing the impurities and recovering maximum pure indigo. According to John et al. 2015 , in P. tinctorium the purity of the indigo varies from 5% to 60% when produced by the traditional method. He observed that washed leaves gave more pure indigo dye 18-24% with an average yield of 0.5 g/kg. Sedimentation of indigo in acid medium and washing raw indigo in dilute HCl after grinding the dried product also improved its purity up to 68%.
Discussion:
The use of indigo blue dye goes back as long as the invention of textile itself. It has been used as a dye since the neolithic period. The remains of indigo blue have been found in all great civilizations, Egyptians, Romans. During colonial era the British established trade with India due to its most superior quality dye obtained from Indigofera tinctoria which once occupied world's 80% market. Being a vat dye indigo requires no mordant before dyeing has a good color fastness. It can become an important source of livelihood for the local artisans and farmers. Synthetic dyes are a much cheaper and pure comparatively but due to its carcinogenic and pollution related affects its usage is now being questioned. Some countries have even imposed a ban on some dyes because of their hazardous and non biodegradable effects on the other hand these plant derived dyes contain antimicrobial and antifungal properties. Moreover the remains obtained after extraction can be used as a fertilizer. Therefore there has been a growing demand for naturally derived indigo dye and the results from the research shows that a significant progress has been made for some European plant species extracted with 68% purity. However there is limited information available on the Indian species Indigofera therefore a fundamental research on this species is desirable. The major barrier in the commercialization of natural dyes is its high cost and low reproducibility therefore targeted efforts are required in this direction which can make the natural dye extraction more economical.
